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Abstract: Mechanical power transmission by reducing the rotating speed under a constant transmission ratio 
represents the function of a large group of products known as speed reducers. Cycloid gearing roller (invented 
by L. Braren), through its qualities, has an important role in modern mechanical transmissions. The difference 
between numbers of teeth of the cycloid gear roller can be equal to 1 (| Z1 - Z2 | ≥ 1), without risk of 
interference, as a result, can be obtained big gear ratios in accordance with  in lower overall dimensions. 
Thus, this paper presents the modeling and simulation of cycloid curves (epicycloids, respectively hypocycloid), 
which generates the cycloid gears used a lot in robotics. 
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1.  Introduction  
Reducing of the speed is a technical goal imposed by the need to adapt relatively high 
speeds of modern engines, at the requirements of effectors which they serve. 
Speed reducers or amplifiers are systems which perform such a function. Unlike other 
types of gearboxes (planetary, with deformable satellites with fixed axes, etc.), cycloid 
reducers has the following major advantages: 1. High yields, accompanied by high 
transmission rates, 2. Weights and reduced-sized, 3. High reliability 4. Silence during the 
operating process [3], [4], [6]. 
Thus, in Figure 1a, is an example of a reducer which uses two internal cycloid gears with 
2 / 3 and 2 / 1 rollers; in both cases, the plan of the satellite number two designates the general 
plan, in which: the centers of the rollers represents the generating points and, implicit  the 
circle containing those centers means generating circle r2. In gears 2/3 (Figure 1a), the 5 
generating points (from satellite plan 2) describe a normal hypocycloid with six loops (wheel 
plan 3). 
As a result, the middle circles from 2/3 gearbox, are in the follow ratio r2:r3 = a:b = 5:6. 
This means that when generating a full hypocycloid by a single generator point, the 
r2generating circle rolls of six times over the r3base circle and, hence, the base circle rolls of 5 
times over the generator one. According to Figure 1a, the cycloid denture of the wheel 3 is 
obtained as the envelope of a family of circles (radius: r4 = roller radius), whose centers are 
located on the hypocycloid with six loops, [7], [8], [9], [10]. 
         Into the gear 2/1 (Figure 1a), those 5 generating points (from the 2 satellite plan) 
describe a normal epicycloids with four loops (in the a plane of wheel 1). As a result, the 
middle circles of gear 2/1 are in the ratio: r2:r1 = a:b = 5:4; this means that when generating a 
full epicycloids by a single generator point, the generating circle r2 rolls of four times over the 
base circle r1 and, thus the base circle rolls of 5 times over the generator one. According to 
Figure 1a, the cycloid denture of a wheel 1 is obtained as the envelope of a family of circles 
(radius: r4 = roller radius), whose centers are located on epicycloids with 4 loops.  
Another example of cycloid gear with bolts / rolls is illustrated in Figure 1b. According 
to this figure, into the 3/2 gear one observe: 3 designate the general plan (with generating 
circle r3, containing the centers of reels) and 2 designate the basic plan; the curve generated 
is, also, normal epicycloids.     
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Because there are five generator points (evidenced by roller centers) and because the 
epicycloids has four loops, result that that the properties of 3/2 gear are similar to those of 
2/1gear from Figure 1a [3], [5], [6]. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. a.) Reducer comprising a planetary drive with two central wheels, b) cycloidal gear reducer with roller 
and clutch-type Schmidt with roller 
 
The reducer illustrated in Figure 2 consists from a cycloid gear with rollers and a fixed 
central wheel with inner denture 3. The entry is achieved through the element H (bearing 
eccentric), characterized by a high speed and output is 1 element, characterized by low speeds. 
The reducer use 20 rollers and the number of teeth of the cycloid wheel is 21 (cycloid wheel 
denture being profiled by cycloid curves) [1], [2]. 
  
 
Fig. 2. Bolts cycloid gear formed by coupling from bolts 1-2 and internal cycloid gear with roller 2-3 
 
2.  Modeling and simulation of the cycloid curves used in generation of the cycloid 
denture. 
Cycloid (the planetary curve) is the curve generated during the relative motion of two 
planes whose middle centers are circles: one plane contains point generator and the other plane 
containing the curve of generator point. The main types of cycloid are [3], [6]: 
a.  Epicycloids when generating circle rolls without slipping (with its outer or inside side) 
on the outside of the base circle (which, for simplicity, is considered fixed); 
b.  Hypocycloid when generating circle rolls, without slipping, with its external side, into 
the circle base. 
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Epicycloids is generated by two distinct center movements (the double generation 
cycloid theorem) in this way: at one of the two center movements the circles contact takes 
place outside the generator circle (circles with continuous line, in Figure 3) and the other, the 
contact has place into the generator circle (dashed circles, in Figure 3). 
Unlike by the epicycloids, those two centers movements, which generate a hypocycloid, 
are characterized by centers circles whose contact takes place into the circle base (Figure 4). 
According with Figure 3, the epicycloids equations are shown in: 
() ( )ϕ ϕ 1 k cos h cosk 1 k r  x 1 1 1 1 1 + − + =  
                                           () ( )ϕ ϕ 1 k sin h sink 1 k r y   1 1 1 1 1 + − + = .                                     (1) 
 
According with Figure 4, the hypocycloid equations are shown below: 
x () ( )ϕ ϕ 1 1 1 1 1 k - 1 cos h cosk k - 1 r + =  
                                            y () ( )ϕ ϕ 1 1 1 1 1 k - 1 sin h sink k - 1 r − =                                          (2) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Notations and geometrical structures necessary to establish the parametric equations of the epicycloids 
 
 
 
Fig.4. Notations and geometrical structures necessary to establish the parametric equations of the hypocycloids 
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In Figure 5 are examples of epicycloids obtained for different values of the parameters 
k1 and h1 (respectively k2 and h2); the circles r1 and r´1 are base circles that correspond to 
the two centers movements that generate the represented planetary center curve [9].     
On the other hand, in Figure 6 are examples of hypocycloid obtained for different values 
of the parameters k1 and h1 (respectively k2 and h2); the circles r1 and r´1 are circles that 
correspond to the two basic movements that generate the represented planetary center curve 
[10]. 
 
 
 
 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Epicycloids examples 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Hypocycloid examples 
 
    
                                 Fiabilitate si Durabilitate - Fiability & Durability    no 2(6)/ 2010 
                                Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
27 
To obtain closed cycloid curves should be that the ratio r2: r1, respectively r'2: r'1 being 
a rational number, otherwise the generating points not return to its original position. 
Hypocycloids and respectively epicycloids were generated in Matlab, using, for that, 
software special developed for this action (Figure 7). 
 
           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.7. Epicycloids and hypocycloids generation program 
 
 
3.  Conclusion 
To obtain closed cycloid curves should be that the ratio r2: r1, respectively r'2: r'1 being 
a rational number, otherwise the generating points do not return to its original position. If one 
have a two-wheel mechanism which are the follow ratio r2:r1=a:b, where r2 is the radius of 
generating circle, r1 is the cycloid base circle radius and a and b are integers, which are 
common divisor only unity.  
While generating of a full cycloid, the generator circle makes a number of b full rolling 
(over the base circle of the cycloid) and the base circle of the cycloid makes a number of a full 
rolling (over the generator circle.) 
So, a cycloid generated by this mechanism has the following properties: is composed by 
a number of b identical branches arranged in equal angles; can be generated by a number of a 
points of the generator plan; if the ratio k1=r2/r1=a/b, (a<b), then the second generator 
planetary mechanism have the follow ratio k2=1±k1=(b±a)/b; so the second mechanism can 
generate the number of b branches of the curve with a maximum b ± a of generating points. 
A class of hypocycloids and epicycloids is firstly generated, through an adequate 
modification of the coefficient of addendum modification x; then for different values of the 
roller’s radius, a basis of cycloid gears is generated from which the optimal solution is 
identified.  
The analysis of the generated gears highlights the fact that are preferred the relative high 
positive values of the addendum modification coefficient x, together with the high values of 
the roller’s radius r. 
 
 
 
function epicicloide 
a=input('a=')%raza cerc r1 - cerc fix 
b=input('b=') %raza cercului r2 - cerc rulant 
h1=input('h1=') 
% h1 distanta de la centrul cercului fix la pct mobil. 
T=360 
z=(pi/3) 
k1=(b/a) 
t=0:0.05:T 
T1=2*pi; 
t1=0:0.01:T1 
y=a*(1+k1)*cos(k1*t)-h1*cos((1+k1)*t) 
x=a*(1+k1)*sin(k1*t)-h1*sin((1+k1)*t) 
title('epicicloide_simple') 
xlabel('x(t)'),ylabel('y(t)') 
x2=a*sin(t1)% ec. cercului fix 
y2=a*cos(t1) 
x3=b*sin(t1)%ec. cercului rulant 
y3=b*cos(t1)+(a+b) 
plot(x2,y2,'red',x,y) 
function hipocicloide 
a=input('a=')%raza cerc r1 - cerc fix 
b=input('b=') %raza cercului r2 - cerc rulant 
h1=input('h1=') 
% h1 distanta de la centrul cercului fix la pct mobil. 
T=14*pi 
z=(pi/3) 
k1=(b/a) 
t=0:0.05:T 
T1=2*pi; 
t1=0:0.01:T1 
y=a*(1-k1)*cos(k1*t)+h1*cos((1-k1)*t) 
x=a*(1-k1)*sin(k1*t)-h1*sin((1-k1)*t) 
title('hipocicloide_ex') 
xlabel('x(t)'),ylabel('y(t)') 
x2=a*sin(t1)% ec. cercului fix 
y2=a*cos(t1) 
x3=b*sin(t1)%ec. cercului rulant 
y3=b*cos(t1)+(a-b) 
plot(x,y,'red',x2,y2)    
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